This document provides supplementary material for "Broadband photon pair generation in green fluorescent proteins through spontaneous four-wave mixing".
We can calculate S 2,s(i) P 2 p /N s(i) and S 1,s(i) P p /N s(i) denoted as S r 2,s(i) and S r 1,s(i) , respectively, at a chosen pump photon per pulse P p for each sample as shown in Table SI . We can clearly see the relationships between the noise sources and the quantum correlation with CAR ≥1 by observing the increase (↑), decrease (↓) and unchanged ( ) of S r 2,s(i) and S r 1,s(i) with and without using the polarization filtering.
The eGFP and pyrromethene 546 share the similar feature after polarization filtering as follow; (i) the increase (↑) of S r 2,s and the decrease (↓) of S r 1,s for the signal where the dominant noise source is spontaneous Raman scattering, (ii) the unchanged of ( ) of S r 2,i and S r 1,i for the idler where the dominant noise source is the stimulated Raman scattering. Both DCM samples have the decrease (↓) of S r 2,s(i)) and the increase (↑) of S r 1,s(i) for the signal and idler where their dominant noise sources are the fluorescence, stimulated emission, and stimulated Raman scattering processes.
There is a transition process of the noise sources in the signal and idler from the pyrromethene 546 → the pyrromethene 556 → the DCM in ethanol as follow; (i) the noise source of the signal has the transition from spontaneous Raman scattering in pyrromethene 546 → the fluorescence, stimulated emission, and spontaneous Raman scattering in pyrromethene 556 → the fluorescence, stimulated emission, and stimulated Raman scattering in the DCM in ethanol. (ii) the noise source of the idler has the transition from stimulated Raman scattering in pyrromethene 546 → the fluorescence, stimulated emission, and stimulated Raman scattering in pyrromethene 556 and the DCM in ethanol.
As shown in Fig. S1 for the DCM samples, the signal and idler are very much contaminated by the fluorescence and stimulated emission photons because the signal and idler show quadratic dependence on power. These noise sources are more dominant than spontaneous four-wave mixing process because of the CAR ≈1. Even though the efficiency of the stimulated four-wave mixing process for the DCM in BzOH/EG sample is high, the fluorescence, stimulated emission, and the stimulated Raman photons in the signal and idler prevent us from observing the quantum correlation of the signal and idler with CAR > 1. We can select the wavelength of the signal and idler for avoiding the fluorescence and stimulated emission photons but not the stimulated Raman photons.
The spontaneous Raman photon, stimulated emission and the fluorescence photons are the main noise photons for the signal in the pyrromethene 556 sample as shown in Fig. S2 . Even though the signal shows the quadratic dependence on power but the strengths of the fluorescence and stimulated emission are much stronger than spontaneous four-wave mixing process. The idler of pyrromethene 556 sample has more stimulated Raman photons than the fluorescence and stimulated emission photons because of the linear dependence on power as shown in Fig. S2 . Even though the efficiency of the stimulated four-wave mixing process for the the pyrromethene 556 sample is higher than the eGFP, the noise photons bury the photon pairs generated through the spontaneous four-wave mixing process.
As for the pyrromethene 546 sample, the spontaneous Raman scattering is the main noise source for the signal but its quadratic dependence on power (Fig. S3) shows that the strength of spontaneous four-wave mixing process is stronger than the spontaneous Raman scattering. The idler has stimulated Raman photon because of its linear dependence on power. The light in the signal is less noisy and less contaminated by noise photons compared to the idler that resulting the maximum CAR of 6 and 15 for the scenario of without and with using polarization filtering, respectively.
The signal and idler generated in the eGFP sample show quadratic dependence on pump power (Fig. S4) as observed in the DCM samples. The light in the idler channel shows much clearer quadratic dependence on power compared to other samples. The maximum CAR of 45 and 145 for the scenario of without and with using polarization filtering indicate that the quadratic dependence on pump power is mainly due to the spontaneous four-wave mixing process. The signal shows stronger quadratic behavior than the idler because the stimulated Raman scattering process is stronger in the idler than spontaneous Raman scattering in the signal. 
